Abstract: Using a cross-sectional study of 485 sample households in 2013, the present paper examines the prevalence and risk factors of child malnutrition among children under the age of five in West Bengal, India. As a part of this investigation, children's underweight status, wasting, and stunting were examined in order to determine child nutritional status using the WHO growth standard. We performed bivariate analyses in order to elucidate differentials in nutritional indices and fitted multinomial logistic regression models to examine the net effect of different socio-economic factors on the likelihood of child malnutrition. Analysis results revealed stunting (51%) as the most common form of malnutrition among children aged under five, followed by underweight status (41%), and wasting (22%).Gender discrimination among children increases with age, whereby girls are more deprived (as measured by nutritional indices) compared to boys later in childhood relative to younger ages. Results from multinomial analyses reveal age, religion, caste, and birth-order of the child as significant predictors of child's nutritional status.
Data and Methodology

Data Sources
The present study is based on a cross-sectional survey that was conducted in Bankura district of West Bengal, India in 2013. The study participants were selected via a multi-stage sampling procedure, resulting in 485 households with children aged under five. Semi-structured household questionnaire and child questionnaire served as data collection instruments. The household questionnaire comprised basic household-level social and economic information, and was completed by any adult household member. The children's questionnaire aimed to elicit information on childcare practice, child health, and nutrition. In case of more than one eligible child (under the age of five) in the household, only the youngest child was included in the survey. We also collected anthropometry data, whereby we measured the height and weight of the children and mothers along with their age. For measuring weight, digital scales were employed, ensuring requisite accuracy. Both mother and child were weighed twice and the average weight was recorded, in order to minimize measurement error. Children aged <24 months were weighed while being held by their mothers, after which the mother's weight was subtracted to derive the weight of the child. When measuring height, mother sand children aged >24 months were asked to stand against straight a wall, whereby an inch tape was utilized to record their height. Children aged <24 months were measured while lying down.
Child Anthropometry
The outcome of interest for the present study is child malnutrition, classified as either underweight status, wasting, or stunting. The corresponding scores, i.e., weight-for-age Z-score (WAZ), weightfor-height Z-score (WHZ), and height-for-age Z-score (HAZ) were calculated based on the WHO new growth standard (WHO, 2006) using the WHO-Anthro software. For the purpose of the present investigation, underweight status, wasting, and stunting were defined by WAZ, WHZ, and HAZ scores that were more than -2*Standard Deviation (-2SD) away from the WHO standard reference for the general population, respectively.
Independent Variables
Key independent variables that influence the child's nutritional outcomes included age,gender, religion, caste, and monthly per capita consumer expenditure (MPCE)status of the children, mother's body mass index (BMI), and birth order of the child. The inclusion of these variables was guided by approaches adopted in extant studies (Bisai, Bose and Ghosh, 2008; Debnath and Bhattacharjee, 2014; Khan and Raza, 2014; Talapalliwar and Garg, 2014) . The age of the child was recorded in completed months based on the mother's report and was categorized as 6 −11, 12−23, 24−35, 36−47, and 48−59 months. We treated the child's gender as a dichotomous variable (male vs female). The child's religion was categorized into Hindu and Muslim, whereas their caste was categorized into four groups: scheduled caste (SC), scheduled tribe (ST), other backward classes (OBC), and general; based on the household head's report. We measured the household's economic status using the MPCE-classified into five quintiles. The MPCE was constructed using the household consumer expenditure schedule adopted by the National Sample Survey (NSS, 2010) . Expenditure items included food, fuel, conveyance, medicinal, beverages, clothing, and other non-food daily items. For most of the items, the reference period was the preceding 30 days; however, for some less frequent purchases, such as clothing, education, or medicines, the last 365 days served as the reference period. Expenditure on domestic consumption incurred by households was standardized based on the pertinent reference period and was divided by the family size to arrive at the MPCE. We measured the mother's nutritional status using the BMI, which is the recommended measure for assessing adult malnutrition. The World Health Organization (WHO) defined BMI as "weight in kilograms divided by height in meters squared (kg/m 2 )". Based on their BMI, mothers were classified as thin (<18.5), normal (18.5-24.9), and obese (>25). Birth order refers to the order in which the child included in the study was born,i.e., 1 st , 2 nd , 3 rd , or greater.
Statistical Analyses
First, we carried out bivariate analyses to elucidate the differentials in child nutritional indices (i.e., underweight status, wasting, and stunting) with respect to the child's demographic and socio-economic background characteristics. To test the significance of associations between child nutritional indices and the examined background characteristics, we applied χ 2 tests for variables with two categories. One-way analysis of variance (ANOVA) and 't-test' were also employed to test the statistical significance of the difference in mean scores pertaining to the three nutritional indices for variables with three or more categories. Multivariate binary logistic regression models were subsequently performed in order to identify the significant risk predictors of underweight status, wasting, and stunting among the studied children. We coded all outcome variables used in this study as binary responses,whereas independent variables were presented in categorical or dichotomous forms. We presented the results of the logit models in terms of odds ratios (OR) with 95% confidence interval (CI). Furthermore, to evaluate the multiple occurrences of child malnutrition, the children were categorized into three groups: non-malnourished (coded as 0), single-state malnourished (i.e., malnourished in terms of either underweight status, stunting, or wasting, coded as 1), and multi-state malnourished (i.e., malnourished in any two or all three forms, coded as 2). We applied multinomial regression model to estimate the regression coefficients for all three malnutrition forms.
The interpretation of coefficients in multinomial models is not as straightforward as in the binary logistic regressions. In order to simplify the interpretation of results, we converted multinomial regression coefficients into adjusted percentage by using multiple classification analysis (MCA) conversion tables. First, we computed the predicted probabilities by using regression coefficients for the independent variables, mean values, and regression coefficients for other independent variables and constant coefficient which were then converted to percentages. Table 1 shows a summary of nutritional outcomes among the studied children (N=485). As can be seen from the reported data, majority of the children exhibited stunted growth. More specifically, 51% of children under the age of five were classified as stunted (< −2S D) and 25%were severely stunted(<−3SD). Nearly 41%of children were categorized as underweight (<−2SD) and 13% were severely underweight. Finally, 20% of children were classified as wasting (< −2SD) and almost 8% were categorized as severely wasting. A small proportion of sampled children (4%) were classified as overweight.
Results
Summary of Child Anthropometric Indices
Kernel density plots indicate that the Z-scores of the three anthropometric indices were distributed normally for both genders. It is also evident that the Z-score distribution pertaining to weightfor-height data resembles that of the reference population more closely compared to the weightfor-age and height-for-age distributions, which shifted downward. This observation was also confirmed by the data provided in Table 1 , which indicates that the mean Z-score of weight-for-height was close to zero (M =−0.86) compared to weight-for-age (M = −1.70) and height-for-age (M = − 1.92). Although the curve distributions were fairly symmetrical, their degree of flatness differs significantly for different indices. For example, Figure 1A shows that the Z-score distribution for female weight-for-age was more symmetrical than that corresponding to males. It is also evident that the mean Z-score value for females shifted slightly to the left relative to that pertaining to males, whereas the curves were nearly mesokurtic for both genders. On the other hand, the Z-score distribution for height-for-age reveals that, while the mean score values were nearly identical for both genders; Figure 1A . Z score for weight-for-age Figure 1B . Z score for height-for-age Figure 1C . Z score for weight-for-height they differed in their peaked ( Figure 1B ). More specifically, female Z-score curve distribution was leptokurtic, while that pertaining to males was mesokurtic. Finally, as can be seen in Figure 1C , the mean Z-score of female weight-for-height data was positioned slightly to the right relative to that pertaining to males, while the distribution was nearly leptokurtic in both cases.
Age and Gender Differentials of Malnutrition
Data shown in Table 2 indicate that the child's age was significantly associated with his/her potential to be diagnosed as being underweight (χ 2 = 14.19; p = 0.007), having stunted growth (χ 2 = 49.04; p < 0.001), and wasting (χ 2 =18.14; p = 0.001). We identified that the highest percentage of underweight children was in the 24−35 months age group (56%), followed by 47% and 39% in the 36−37 months and 6−11 months age groups, respectively. The mean Z -score of weight-for-age was higher for children under 24 months of age compared to the older group. We observed a significant negative t-test is applied to test the differences in the mean Z scores of two categorical independent variables; Underweight = Weight-for-Age; Stunting = Height-for-Age; Wasting = Weight-for-Height relationship between stunted growth and child's age, whereas the proportion of those diagnosed as 'wasting' increased as the age increased. We also observed gender differentials in the prevalence of malnutrition, with the greater percentage of female children diagnosed as underweight (44%), stunted (55%), and wasting (19%) relative to their male counterparts.
Socio-economic Differentials in Malnutrition
While the prevalence of malnutrition (classified as underweight status, stunting, and wasting) among children that were under five years of age did not vary significantly with the religious status, significant differences across the castes were noted (Table 3 ). The proportion of underweight children was the highest (48%)in SC and ST. Similarly, the highest proportion of stunted children was found among ST (67%), followed by SC (57%). Prevalence of wasting was also the highest (32%) among children from OBC. The mean Z-scores for weight-for-age (F = 7.98; p <0.001), heightfor-age (F = 3.76; p = 0.011) and weight-for height (F = 1.22; p = 0.30) also varied significantly across different caste groups. Household's MPCE quintile status was marginally correlated with the child being underweight (χ 2 = 8.71; p = 0.069), and exhibiting stunted growth (χ 2 = 14.14; p = 0.007). More specifically, the prevalence of underweight and stunted children was significantly higher in the lower MPCE quintile households compared to the upper MPCE quintiles. We observed that almost 51% and 63% of the children in the 1 st MPCE quintile households were underweight and stunted. A significant difference in the mean Z-score for weight-for-age (F = 4.95; p<0.001) and height-for-age (F = 2.65; p = 0.032) was also observed when the data was analyzed with respect to the household MPCE quintile status. (F test) to test the differences in the mean Z scores of more than two categorical independent variables; t-test is applied to test the differences in the mean Z scores of two categorical independent variables; Underweight = Weight-for-Age; Stunting = Height-for-Age; Wasting = Weight-for-Height
Mother's BMI and Child's Malnutrition
Another important factor influencing child malnutrition or anthropometric outcomes is the mother's BMI, which was calculated as the ratio of weight (kg) relative to squared height (m 2 ). Figure 2 shows the relationships between mother's BMI and a child's malnutrition status in terms of the three anthropometric indices analyzed in this work. As can be seen, the prevalence of underweight status, stunted growth, and wasting among children was much higher among children whose mothers have a low BMI or were categorized as 'thin'. More specifically, 63% of the children whose mother's BMI was low exhibited stunted growth, whereas these percentages declined to 43% and 15% for children whose mothers had a normal BMI or were classified as obese, respectively. We observed a similar pattern for underweight children.
Factors Associated with Underweight Status, Wasting, and Stunted Growth
To gain a better understanding of the significance of risk factors that may result in child malnutrition (based on the examined nutritional indicators);we employed multivariate logistic regression models. We analyzedseparate models for underweight status, wasting, and stunting (Table 4 ). The choice of independent variables included in these models was guided by the extant literature. These variables included age, gender of the child, religion, caste, MPCE of the child's household, and birth order of the child. The table represents the significant predictors for underweight status, wasting, and stunting. We found that achild's age was a strong predictor of wasting and stunting, but not of underweight status. Odds ratio for wasting increased as a child'sage increased, whereas that for stunting decreased linearly with the child's age. Religious status was found to be significant only for underweight status. More specifically, Muslim children were found to be more likely to be underweight than were Hindu children (OR=1.884; p<0.05). Children raised in a household belonging to the general caste were less likely to be underweight (OR=0.446; p<0.05), wasting (OR=0.483; p<0.05), and have stunted growth (OR=0.535; p<0.05) compared to the SC children. Higher birth order was inversely related to the underweight status and stunted growth ,whereas no significant association was found with wasting. Table 5 represents the adjusted percentages of non-malnourished, single-state malnourished, and multi-state malnourished children estimated using multinomial regression models and the MCA table.
The results indicate that the children in the '6 to 11 months' age group were more likely to be single-state malnourished (47%),whereas those aged24−35 months were more likely to be classified as multi-state malnourished (52%). In addition, 42% female children were classified as multi-state malnourished, whereas 39% of males were in the same category. Both single-state malnourishment (33%) and multi-state malnourishment (45%) were found to be more prevalent among Muslim children compared to Hindus. The proportion of children who were classified as single-state malnourished was greater among ST children (37%), children from the highest MPCE household (35%), and children with 3+ birth order (47%). On the other hand, SC children (48%), children from the lowest MPCE household (49%), and firstborn children were more likely to be multi-state malnourished.
Discussion
In this study, we analyzed child malnutrition in terms of underweight status, stunting, and wasting, aiming to link these indicators with the household characteristics . The study findings revealed that the prevalence of underweight status, stunting, and wasting among children was 41%, 51%, and 22% in 2013, respectively, which exceeded the national average (i.e., 42%, 48% and 20%) established by The NFHS-3 (IIPS, 2005 . In line with the results yielded by existing research conducted in India, this study also revealed that stunting is the most common form of malnutrition among children under the age of five, followed by underweight status and wasting (Bhadoria, Sareen and Kapil, 2013; IIPS, 2005 IIPS, -2007 Ratnu, 2013; Singh, Foteder, Lakshminayarana et al., 2006) . Higher prevalence of stunting supports the inference that child malnutrition in this population occurs probably due to past or chronic inadequacy of nutrition or due to long-term growth faltering. In contrast, underweight status indicates disturbances in the combination of linear growth and body proportion, whereas wasting indicates acute or recent growth disturbance. The results obtained in the present study indicate a significant age differential in the prevalence of underweight status, stunting, and wasting among children. Underweight status was the highest (56%) in the '24−35 months' age group and the lowest among children aged 12−23 mo nths. On the other hand, stunting was inversely associated with child's age, while the association with wasting was positive.Similar associations have been reported in other studies conducted in India (Bharti, Chakrabarty, Som et al., 2010; Kamiya, 2011) . In contrast to the findings reported by other authors (Dasgupta, 1987; Habyarimana, Zewotir and Ramroop, 2014; Payandeh, Saki, Safarian et al., 2013) , the present study failed to reveal any significant gender and religion differentials in the prevalence of underweight status, stunting, and wasting among children. Nonetheless, we observed clear gender discrimination in nutritional status, which increases with the child's age. While no gender differences were found in the lowest age group (6−23 months), the gender gap in the prevalence of these three nutritional indices widened as children matured (24−59 months). We found similar gender patterns for stunting as well as wasting. Our findings strengthen the argument that the gender-related difference in malnutrition found in younger children is a biological phenomenon rather than a social one. Biologically, female children are stronger than male children, and are found to be more resistant to infectious agents (Gangadharan and Maitra, 2000; Hill and Upchurch, 1995; Singh, Hazra and Ram, 2007) , which is why female children are less malnourished than their male counterparts in the lower age group, when gender discrimination is supposed to be absent. At younger ages, children are heavily dependent on breast milk for their nutrition and are thus unlikely to be competing with other family members for food resources (Griffith, Matthews and Hinde, 2002) . Consequently, due to their adequate nutrition and biological advantage, very young female children remain healthier relative to their male counterparts. However, gender discrimination starts to play a significant role once the child is no longer breastfed and has to compete for a share of family resources (Griffith, Matthews and Hinde, 2002) . Thus, while gender discrimination is absent in infancy, it gradually emerges in childhood because of social discrimination, rather than biological factors. Female children experience multifaceted discrimination, including lack of adequate nutrition, inappropriate healthcare practices, and inconsistent treatment seeking, among others, causing numerous health consequences, such as malnutrition, illness, morbidity, and mortality (Dasgupta, 1987; Kishor, 1993; Miller, 1981; Sen, 1988) . The higher prevalence of malnutrition among female children observed in the older ages in this study indicates that female children become victims of greater gender discrimination as they mature, when their biological advantage diminishes.
Multivariate analyses revealed that religion and caste play an important role in determining child malnutrition. Muslim children were more likely to be underweight compared to Hindu children. Similarly, scheduled caste children were more likely to be malnourished compared to general caste children. Religion and caste are important means of social stratification in India. Cultural activities, rituals and practices are determined by religion and caste stratification. In terms of caste, SC is a more disadvantaged group compared to the general caste and faces discrimination in accessing many services, such as income, education, hygiene, sanitation, and public health utilization. Existing research has revealed that Muslim and SC children are more vulnerable compared to Hindu and general caste children, respectively, due to inadequate immunization, lack of nutrient-rich diet, inappropriate hygiene and sanitation, etc. (Kumar and Mohanty, 2011; Sabharwal, 2011) . Utilization of antenatal care and nutritional status among Muslim and SC women is also found to be poor compared to Hindu and general caste women, which adversely affects children's nutritional outcomes. Perhaps higher malnourishment among Muslims and SC children is due to the differentials in childcare practices, poor utilization of healthcare services and inadequate child feeding behavior.
The study revealed that more than half of the children experienced stunted growth. It may be the result of long-term interactions of a complex set of factors like inadequate nutrition, poor feeding practices, and infections. Integrated Child Development Scheme (ICDS), a government launched nutrition program, if strengthened through effective implementations and proper strategies, could itself play a vital role in improving the child nutrition status in their early ages. Dissemination of knowledge among mothers on infant and child feeding practices, hygiene and sanitation, and home-based treatment management during infectious disease among children is crucial in improving the childcare practice behavior. Community-based platforms like Self-Help Group (SHG) may be used as important platforms to implement interventions for improved exclusive breastfeeding and complementary feeding practices. Maternal nutrition and health also seem to be associated with child malnutrition. Nutrition status of the children is poor for mothers having lower BMI, indicating a positive association between maternal health and child nutrition status. Thus, integrating the maternal health components with a nutrition program is highly recommended for improving both maternal and infant health. Although the ICDS has addressed maternal health, the policy is needed to strengthen and focus more on implementation perspectives.
Several limitations needed to be acknowledged to interpret the results. Firstly, this is a cross-sectional study, which did not track the event history of a child's malnutrition across their ages. In order to understand the potential temporal association and dynamics of malnutrition, a cohort prospective study is more appropriate than a cross-sectional study. Secondly, there is likely a recall bias among the respondents answering the questions relating to the events that happened in the past such as the dates of birth of the mother and child. Thirdly, the study could not assess the contribution of exposure to hygiene and sanitation while there is evidence to show that it is an important contributing factor in the malnutrition of children in their younger age (Rah, Cronin, Badgaiyan et al., 2015) . Fourthly, the results interpreted in this study based on sample data cannot be generalized for the whole geographical area due to diverse socio-cultural and geographical parameters.
